We present a description, including relevant formulas and numerical estimates, of a set of polarization transfer experiments which appear to offer a feasible way to a) separate the deuteron charge and quadrupole form factors and b)measure the neutron and proton electric form factors.
estimates, of a set of polarization transfer experiments which appear to offer a feasible way to a) separate the deuteron charge and quadrupole form factors and b)measure the neutron and proton electric form factors.
The experiments require a 2 to 4 GeV high-intensity, high-duty factor, longitudinally polarized electron beam, and require that the polarization of the recoiling hadron be measured in a second, analyzing, scattering.
-The relevant asymmetries are fairly large, and our calculations show that they are sensitive to different models.obtained from existing data.
Attention is called to the fact that the proposed deuteron measurements will require new 10% measurements of vector and tensor analyzing powers of deuterons with kinetic energy from 150 to 450 MeV.
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OVERVIEW AND SUMMARY

A. Introduction
A complete understanding of the electromagnetic structure of the neutron and proton requires knowledge of both the electric form factors (GEn and G EP ) and the magnetic form factors (GM and G MP 1; Yet in the region of four-momentum transfer squared, Q2, greater than2 (GeV/c) 2 the electric form factors are very poorly known. The situation for the deuteron is even worse; there we need to know three form factors, the charge, Gc, quadrupole, G Q'
and the magnetic, GH, but only one combination of these, A = Gt + tn2G2 2 2 Q + TnGM.
is known for Q2 > 1 (GeV/c) 20 If we could separately determine all of the nucleon and deuteron form factors, our knowledge of the physics of these systems would be greatly increased.
In this paper we will report calculations, and suggest experiments which appear to offer a feasible way to do this. A key factor in these experiments is the use of longitudinally polarized electron beams.
Electron beams with 85% polarization and low intensity1 and 40% polarization and high intensity2 have been used at ST&Z, and there is hope that beams which are both highly polarized and intense will be availabie in the near future. 
Gi where 'IO = A + B tan2(i8)
and some readers may wish to rewrite two of the above using bm = EZ+ME' sin($0) d 
Effects from (pxx -pyy) are small. However, the amplitude of the sinusoidal variation is not small, and a good determination of its phase as well as its amplitude will yield both p, and p,,.
c.
The Neutron
The goal is to learn about the neutron form factors. We have evaluated the formulas for p, and p, for several choices of neutron form factors and a range of Q2 and scattering angle 0. Figure 5 shows (1 + 0.71 Q2)2 (14) for Q2 in (GeV/c)2. This GEn is at the upper edge of the large experimental error bars on the existing data.
All an unwanted left-right asymmetry, and the charged particle background would be highly asymmetric in the up-down direction.
To indicate the possible sensitivity of such a measurement to the predicted Ggn and G&, we show in Fig. 8 for 'a scattering angle 8 = 50" the variation of the component p, vrs precession angle w, as in Fig. 7 , for the neutron models described in Fig. 6 region between 2 and 4 (GeV/c)L would be of great value to both nuclear and particle physics.
In For higher Q2 (i.e., higher energy protons) the analyzing powers and ep cross sections begin to fall off, so that the experiment proposed here becomes increasingly difficult. Also, if the recoil proton detector.-analyzer employs magnetic fields, then, as for the neutron, there will be large precession due to the large g-2 factor. Determination of the recoil p, and pz by variation of the precession angle would be somewhat more complicated in this case, however, because the precession is correlated with the bend angle, which for a given geometry and field, is fixed by the recoil proton momentum or Q2.
A 10% measurement of p, at a Q2 of 4 (GeV/c)2 would just be sufficient to distinguish the IJL, Dipole, and HZhler models from each other. Since the analyzing power at the appropriate momentum (about 3 GeV/c) is known to about the same accuracy, better measurements of the analyzing power would be helpful but are not essential.
The expected asymmetry at Q2 = 2(GeV/c)2 for a 100% polarized electron beam would be about lo%, and a 10% measurement of this asymmetry requires about lo4 counts.
II. THEORETICAL CALCULATIONS
We shall describe the polarization calculations for spin-l particles.
The calculation of cross sections from current matrix elements is standard and will merit only a few remarks at the beginning, and the remainder of the section will be devoted to defining and calculating the polarizations and analyzing powers..
The momentum and helicity of the incoming and outgoing electron are (k,T) and (k',r') respectively, and the corresponding quantities for the deuteron are (D,A) and (D',X'). The matrix element is
The electromagnetic current for the deuteron is t* A'=-1 (22) which leads to the correct cross section for the case when the final polarization is not measured.
The vector and tensor polarizations are defined from the density matrix. aB Note that six p 5; is a covariant object, so that we may study it in a reference frame of our choosing.
In the rest frame of the deutron, (27) in general.
We then get 
The primes remind us that the two scatterings are not in the same plane.
The unprimed coordinates axes are shown in Fig. 1 ; the z-axis is 
The other 3 x 3 matrices can be rotated similarly.
Of course, the entering deuteron is in a linear combination of polarization states given by its density matrix. 
